The main purpose of this work is to prepare an efficient series of preformed particle gels (PPGs) and to study their behaviors to control unwanted water in oil fields. To this end, 12 copolymer samples composed of acrylamide and acrylic acid [poly(AAm-co-AA)] with different AAm/AA mole ratios and various mole percentages of N,N′-methylenebisacrylamide (MBA) were synthesized by a free radical copolymerization method. The gelation time of each sample was measured. The samples were dried in three consecutive steps: drying at atmospheric condition, drying in the oven, and drying in the vacuum oven, respectively. The chemical structure and morphology of the prepared PPGs were studied by a Fourier transform infrared spectroscopy and a scanning electron microscopy, respectively. Additionally, the swelling percentage of PPG samples was examined in different types of salt water (MgCl 2 ·6H 2 O, CaCl 2 ·2H 2 O, BaCl 2 ·2H 2 O, NaCl, KCl, and LiCl) with 200,000 ppm concentration and pH in the range of 3-8. Our results showed that the synthesized PPGs had swelling percentage (S%) in the range of 2-1300% for different types of salt solution. Moreover, the results confirmed that the swelling amount of PPG samples has a parabolic behavior against mole ratio of AAm/AA and decreases with increasing mole percentage of MBA.
Introduction
Unwanted water production is a crucial issue for most oil producers (Wen et al. 2016; Yu et al. 2017) . Corrosion, the load on fluid handling facilities, and environmental problems are increased by increasing the amount of unwanted water production. Even in certain cases, this phenomenon can lead to shut-in well. Fractures are able to establish a connection between an injection well and a production well . Hitherto, several carbonate fractured reservoirs were examined and their fluid properties which influence oil recovery were determined (Abdelazim 2016; Barros-Galvis et al. 2017; Parker-Lamptey et al. 2017; Rahimi et al. 2017; Ruidiaz et al. 2017 ). However, controlling unwanted water production has been the major purpose of oil and gas producers (Chen et al. 2017; Izadmehr et al. 2017) . One of the best cost-effective methods to alleviate this problem is gel treatment in which the major role of gel is to absorb water through highly permeable zones. There are two kinds of gels that absorb water: in situ gels and PPGs. PPGs are adjustable in size from µm to cm and can swell in water and have a controllable swelling rate. They can resist against many kinds of salt solutions with high concentrations and can withstand high pressure and temperature. To do so, oil producers confirm that PPGs are more successful than in situ gels in controlling unwanted water production from oil or gas reservoirs (Bai et al. 1999 (Bai et al. , 2007b Bai and Zhang 2011; Tongwa et al. 2013a, b) . Since PPGs were more successful than in situ gels in controlling unwanted water, the present paper mainly focused on physical and chemical properties of the synthesized PPG, which is basically attributed to the approach 1 3 to be utilized in the synthesis process. The synthesis approach of PPG and saltwater properties in which PPG is placed can affect PPG performance (Tongwa and Baojun 2015) . Hitherto, many attempts have been made to synthesize PPGs and to examine their behavior under different conditions by many researchers. Isik (2004) synthesized a copolymer of acrylamide and acrylic acid and explored its swelling performance. Different weight ratios of AAm/ AA, the amount of polyethylene glycol (PEG) 4000, and mole percentage of N,N′-methylenebisacrylamide on swelling behavior of hydrogels showed that an increase in AA, PEG 4000, and cross-linker concentration results in decreased capacity of hydrogels swelling. Caykara et al. (Çaykara and Akçakaya 2006) synthesized ionic hydrogels from acrylamide (AAm), dimethylamylamine (DMAAm), and itaconic acid (IA) by free radical cross-linking copolymerization approach. Results showed that the swelling behavior of hydrogels at buffer solutions with different pHs can be described by the modified Flory-Rehner equation based on the affine and phantom network models. Liu et al. (2006) synthesized poly(N-isopropylacrylamide) with the use of a special kind of hectorite (Laponite XLS) modified with tetrasodium pyrophosphate. The outcomes demonstrated that these hydrogels have good mechanical properties and complex deswelling behavior which was due to high clay content of hydrogels. Bai et al. (2007a) reported that gelant compositions, temperature, brine salinity, and pH are vital factors affecting PPG properties. Moreover, the results revealed that gel swelling capacity decreases with the increase in salinity unlike swollen gel strength. In addition, temperature effect on the swelling capacity is contrary to salinity. Hussain et al. (2012) produced superabsorbent cross-linked poly(acrylic acid) via suspension polymerization in supercritical CO 2 . The solubility of acrylic acid in supercritical CO 2 has a strong effect on the particle morphology. Ahmed (2015) examined several technologies of hydrogel preparation and additionally considered their physical and chemical properties. Malana et al. (2014) synthesized pH-sensitive hydrogels from acrylamide, methacrylate, and acrylic acid with the use of different cross-linker agents and investigated the effect of pH and the nature of cross-linker agent on the swelling capacity of hydrogels. It was concluded that the network parameters and absorbency changed very sharply with changing pH value. Tongwa et al. (Tongwa and Baojun 2015) synthesized a preformed particle gel with calcium montmorillonite as a nanomaterial and disclosed that the presence of the nanomaterial in hydrogel causes a remarkable improvement in gel properties and its behavior in comparison with hydrogels without any nanomaterial. Pacheco et al. (2014) prepared hydrogels from acrylamide and sodium methacrylate (NMA) by solution polymerization and examined the swelling behavior of hydrogels. Results showed that the weight of sodium methacrylate can greatly affect the swelling behavior of hydrogels and can reduce the dynamic correlation length (ξ). Hamouda et al. (Hamouda and Amiri 2014) reported that the weight percentage of alkaline sodium silicate in reaction solution, low pH value, presence of divalent ions, and temperature reduction can accelerate the gelation time, and the increase in Ca 2+ and Mg 2+ ion concentration can increase gel strength. Othman et al. (2015) synthesized hyperbranched polyimide derived from melamine by emulsion polymerization. The effect of monomer feed ratio, reaction medium properties, and temperature was studied to find the optimal synthesis conditions. Craciun et al. (2016) outlined the synthesis of acrylamide and acrylic acid in aqueous solutions. Diffusion coefficient and network parameters of hydrogels were investigated, and a possible reaction mechanism was suggested. Zhong et al. (2016) found that the mechanical properties of poly(acrylic acid) hydrogels are significantly attributed to the contents of covalent cross-linker ions and water.
Despite some achievements in using PPGs, no one has studied the synthesis approach of poly(acrylamide-co-acrylic acid), as a good commercial superabsorbent, in all acceptable range of AAm/AA mole ratio (Buchholz and Graham 1998) and mole percentage of N,N′-methylenebisacrylamide (MBA) (Buchholz and Graham 1998) . In addition, there is no report in the literature to study all the key factors (type, concentration, and pH of salt solutions and swelling time) affecting the swelling behavior of PPGs in salt solutions. Examining vital factors affecting swelling capacity of PPGs in salt solutions results in optimum conditions with minimum economic costs and maximum working efficiency. To the best of our knowledge, there is no report in the literature to study the drying and swelling behavior of poly(acrylamide-co-acrylic acid) in different types of salt water (MgCl 2 ·6H 2 O, CaCl 2 ·2H 2 O, BaCl 2 ·2H 2 O, NaCl, KCl, and LiCl) with high concentration (200,000 ppm) and pH in the range of 3-8. This study proposes the optimum conditions for having a maximum swelling percentage of PPGs based on overall acceptable range of key factors (AAm/AA mole ratio, MBA mole percentage, swelling time, and pH). Generally, this study gives oil producers a view on the synthesis and swelling behavior of PPGs in high-salinity water (formation water). Knowing how much PPG is required to be injected into the reservoir in order to efficiently control unwanted water production is a vital information for oil producers (Bai et al. 2008; Liu et al. 2006) ; therefore, the results of this study are useful for oil producers.
In this study, 12 PPG samples were synthesized by free radical copolymerization approach. Then, for the first time, all the important parameters that can affect the water controlling process including AAm/AA mole ratio, MBA mole percentage, types of salt solutions, time of swelling, and pH on swelling capacity of the synthesized PPGs were investigated. In addition, SEM imaging and FT-IR tests were performed to investigate the morphology and structure of PPG samples.
Experimental

Material and instrumentation
Acrylamide (AAm, > 99%), acrylic acid (AA, > 99%), N,N′-methylenebisacrylamide (MBA, > 99%), and potassium persulfate (KPS, > 99%) were obtained from Sigma-Aldrich Chemical Company (Milwaukee, WI). Distilled water was used throughout this study. Several inorganic salts including sodium chloride (NaCl, > 99.5%), lithium chloride (LiCl, > 98%), potassium chloride (KCl, > 99%), magnesium chloride hexahydrate (MgCl 2 ·6H 2 O, 99%), calcium chloride dihydrate (CaCl 2 ·2H 2 O, 99%), and barium chloride dihydrate (BaCl 2 ·2H 2 O, > 99%) were used (Merck) for swelling studies. NaOH (99%, 0.1 M) and HCl (99%, 0.1 M) were used for adjusting pH value (Sigma-Aldrich). The pH meter (Milwaukee pH Meter w/ATC, ± 0.1 error, calibrated with buffer solutions of pH 4, 7 and 10) was used to measure pH of saline water. The weight of samples was measured by the digital balance (Sartorius balance, BP 210 S, German). The filter paper (Whatman filter paper, grade 40:8 µm) was used to dry-wet swollen hydrogel samples. FT-IR spectra of samples were recorded using Shimadzu FT-IR 8300 instrument. The specimens were made ready for IR test by grounding with KBr and subsequent pressing into a pellet. Samples spectra were collected in the range of 4000-500 cm −1
. Scanning electron micrographs were derived using scanning electron microscopy (SEM, VEGA3 TESCAN, at 20 kV). Prior to SEM observation, PPG samples are sputter-coated with gold with physical vapor deposition technique (PVD) using sputter coater (VEGA3 TESCAN).
Synthesis of hydrogel
Free radical polymerization was carried out in capped poly(vinyl chloride) straws with an inner diameter of 3 mm. To do so, 0.5 g of AAm and a certain amount of AA were solved in the 1.0 mL of distilled water in the straw. 0.11 mL of the prepared solution of MBA (0.05-0.4 g MBA/mL water) was then added to the straws as the cross-linker agent. In the end, 0.05 mL of the initiator solution (0.05 g KPS/mL water) was subjoined to the reaction mixture. The production conditions of PPG samples are given in Table 1 . The straws were placed in an oil bath at 80 °C for 3 h. At last, hydrogels were washed with distilled water to remove unreacted chemicals, cut into small pieces, and were dried until reaching a constant weight.
Gelation time
The tilting method is employed to measure the gelation time. After adding the initiator (KPS) according to the previous section, the viscosity of polymer solution continuously increased during the polymerization process. When the full network structure (gel) obtained and the reactant mixture does not descend in the tilted tube, the gelation time is determined.
Drying synthesized samples
After formation of hydrogels in capped poly(vinyl chloride) straws, samples were removed and washed by distillated water. Evaluating the distillated water confirmed that all monomers were completely reacted. Next, the synthesized samples were dried in three steps. First, water adsorption of hydrogels was dried immediately on filter paper and then samples were put on the digital balance at atmospheric condition and weighed every five minutes for half an hour using the digital balance. After completing the first stage, samples were rapidly put into the oven (60 °C) and weighed every five minutes for half an hour as before. In the end, samples were kept in the vacuum oven (60 °C) and weighed after 24 h.
Swelling study
0.1 g of each synthesized hydrogel was treated with a solution of CaCl 2 ·2H 2 O, BaCl 2 ·2H 2 O, MgCl 2 ·6H 2 O, NaCl, KCl, and LiCl (20 mL, 200,000 ppm) at room temperature. As the salinity of most deep reservoirs is about 200,000 ppm, the concentration of all salt solutions was selected to be 200,000 ppm. Swollen samples were dried with the filter paper and weighed by the digital balance every 3 min to where m w and m d are the weight of wet gel at time t and dry gel at the beginning of experiment, respectively.
Equilibrium swelling ratio
Hydrogels (0.1 g) were retained in the saline solutions (20 mL, 200,000 ppm) for 6 months to ensure that samples were swollen as much as possible. The final (equilibrium) water uptake over the weight of dry polymer is called equilibrium swelling ratio and is calculated according to Eq. (2): where ES is the equilibrium swelling ratio in fraction. W w and W d denote the weight of swollen and dried sample, respectively.
pH-sensitivity
To investigate pH effect on the swelling behavior of the hydrogels, two salt solutions (20 mL, 200,000 ppm) were prepared from each of BaCl 2 ·2H 2 O, CaCl 2 ·2H 2 O, and MgCl 2 ·6H 2 O salts; pH of each solution was adjusted both on three (with HCl, 0.1 M) and on eight (with NaOH, 0.1 M). For each salt type, 0.1 g of the dried sample was first put in the alkaline solution for half an hour and then was put in the acidic solution. This sample transition from alkaline to acidic was continued every half an hour to three hours, and vice versa. Every three minutes, swelling percentage of samples and pH of solution were recorded by using Eq. (1) and the pH meter, respectively.
Results and discussion
In this study, 12 poly(AAm-co-AA) samples were synthesized by free radical copolymerization approach. As reported (Buchholz and Graham 1998) , the mole ratio of AAm/AA and the mole percentage of the cross-linker agent in the copolymerization reaction are better to be in the range of 2-10 mol ratio and 4-20 mol percentage, respectively. In addition, several authors used these mentioned ratios for AAm/AA and MBA (Craciun et al. 2016; Işık 2004; Isık and Kıs 2004) . Therefore, in this work, the values of 2.41, 4.82, and 9.65 for AAm/AA mole ratio (0.20, 0.10, and 0.05 mL of AA, respectively) were considered to cover the entire range of AAm/AA mole ratio (Table 1 ). In addition,
the values of 4, 16, 18, and 20 for MBA mole percentage were taken into account to cover the MBA mole percentage range (Table 1) . After synthesis experiments, the effect of key parameters (mole ratio of AAm/AA, mole percentage of MBA, swelling time, salt type, and pH) on the swelling behavior of hydrogels was investigated in high-salinity solutions (200,000 ppm). Scheme1, which was drawn with ChemDraw Ultra 7.0 software, shows the reaction occurred in the polymerization medium. To ensure that the desired structures of PPG samples were formed, FT-IR tests were performed. FT-IR spectrum of sample 1 as an example is depicted in Fig. 1 . The bands that appeared in the range of 3100-3500 cm −1 (O-H and N-H stretching) confirm the formation of copolymer of acrylamide and acrylic acid. Two absorption peaks appeared around 3394 and 3163 cm −1 are undoubtedly due to the asymmetric and symmetric NH 2 stretching vibrations of acrylamide. On the other hand, the broad absorption bands from 3400 cm −1 to 2975 cm −1 can be assigned to the -OH from the carboxylic group. The values at 2916 and 1846 cm −1 were corresponding to the CH 2 and CH stretching vibrations, respectively. The C-O stretching vibrations of carbonyl group of acrylamide and acrylic acid occurred at 1643 and 1720 cm −1 , respectively. The band observed at 1436 cm −1 is assigned to C-N stretching vibrations, while the peak correlates with C-C stretching emerged at 1118 cm −1 . The morphology of the PPGs was studied by a scanning electron microscopy. It was found that (Fig. S1 (a-d) , supplementary information), the most pores existing in samples 1, 3, 5, and 9 had the magnitude of 10, 6, 16, and 1.2 µm, respectively. Therefore, the mole percentage of MBA and mole ratio of AAm/AA can substantially change the size of pores from 1.2 to 16 µm.
Gelation time
Sudden change from a viscous liquid into an elastic structure is called the gelation point and is an isothermal process. This transformation time is defined as the gelation time and depends on two parameters: cross-linker agent concentration and AAm/AA mole ratio. As shown in Fig. 2 , increasing mole percentage of MBA increases the viscosity of the hydrogel, whereas at the same time decreases the gelation time. Similarly, increasing AAm/AA mole ratio can restrict the movement of reactants and deactivate the macro-radical growing chains as soon as their formation. Therefore, the viscosity of hydrogel unlike gelation time increases with increased AAm/AA mole ratio.
Drying synthesized samples
At atmospheric condition, surface water and captured water in large pores (10-16 µm) are most likely to evaporate. Figure 3 shows the amount of water evaporated from samples at atmospheric condition. As can be seen, the average amount of evaporated water from samples containing 9.65 and 4.82 mol ratios of AAm/AA was roughly equal. Samples including 2.41 mol ratio of AAm/AA had minimum amount of evaporated water. It reveals that there are more large pores in high AAm/AA mole ratios. As the amount of AAm was constant in all synthesis experiments (0.50 g), there was low amount of AA in high more ratio of AAm/AA. Therefore, higher pores could form in lower amount of AA. Additionally, in high mole ratio of AAm/ AA (9.65 mol ratio), the amount of evaporated water from samples decreased with increasing MBA mole percentage, because more cross-connections and small pores are likely to form in high mole percentage of MBA. After completing the first stage, drying at atmospheric condition, samples were oven dried (60 °C). Every five minutes, hydrogels were removed from the oven and weighted using the digital balance for half an hour. As expected, the oven evaporates water captured in medium pores (6-10 µm). The trend of weight reduction of samples versus AAm/AA mole ratio and MBA mole percentage in the oven was similar to that of atmospheric condition (Fig. S2a, supplementary  information) . However, the maximum amount and minimum amount of evaporated water were achieved for 9.65 and 2.41 mol ratios of AAm/AA, respectively.
Scheme 1 Schematic preparation of hydrogels
Finally, samples were placed in the vacuum oven for 24 h. In this step, vacuum oven can evaporate all of the captured waters in small pores (1.2 µm). Results showed that the amount of evaporated water from samples with 2.41 mol ratio of AAm/AA was more than other samples. It reveals that there are more small pores in low mole ratio of AAm/ AA. With a constant amount of AAm monomers, there are more AA monomers and therefore more small pores in low AAm/AA mole ratio (Fig. S2b, supplementary information) .
Swelling study
Ca 2+ , Mg 2+ , Ba 2+ , Na + , K + , Li + , and Cl − are vital cations and inions existing in the formation water and are able to influence the swelling behavior of hydrogels. In this study, the effect of each cation or anion with 200,000 ppm concentration on the swelling behavior of hydrogels was examined. Figure 4 shows the swelling percentage of the PPG samples (S%) in the BaCl 2 ·2H 2 O salt solution (as an example). As can be seen, the swelling percentage of all hydrogels had an upward trend with increase in time. The swelling percentage of the PPG samples (S%) in other salt solutions was similar to that of the BaCl 2 ·2H 2 O salt solution (Fig. S3 (a-e) , supplementary information). The mole percentage of MBA, concentration of AA, and salt solution type influenced the swelling percentage of PPG, as expressed in detail below.
Effect of MBA concentration
The effect of MBA mole percentage on the swelling percentage of samples 5-8 after 180 min is shown in Fig. 5 . As can be seen, increasing the MBA mole percentage leads to decrease the amount of water absorbency. Increasing mole percentage of MBA decreases the spaces among copolymer chains. Therefore, increasing the mole percentage of MBA forms a rigid structure that cannot expand and absorb a large quantity of water. In fact, in all hydrogels, a small increase in MBA percentage causes a significant decrease in swelling capacity. Similar well-known behavior was reported in the literature (Harsh et al. 1990; Peppas and Mikos 1986) . Figure 5 has a power law in swelling behavior with K = 841.52 and n = 0.377 obtained from the curve fitting with Eq. (3): where n and K are constant values for an individual PPG, which represent the slope and intercept of the swelling percentage logarithmic diagram according to the MBA mole percentage, respectively.
Effect of AAm/AA mole ratio
Swelling percentage of hydrogels (S%) versus AAm/AA mole ratios in all salt solutions is shown in Fig. 6 . To focus on the effect of AAm/AA mole ratio, the effective factors including the MBA concentration, swelling time, and AAm weight value were kept at 4 mol%, 180 min, and 0.5 g (as an example), respectively. It was observed that all curves have a maximum point at 4.82 mol ratio of AAm/AA. Therefore, the absorbency first increased with the increase in AAm/AA mole ratio and then it decreased. The initial rise in swelling percentages can be attributed to the existing low amount of AA in high mole ratios of AAm/AA. AAm monomers have a more effective role than AA monomers in high AAm/ AA mole ratios. In addition, more hydrogen bonds can be formed between water and amid groups than carbocyclic groups; oxygen is more electronegative than nitrogen. Therefore, swelling percentage increased with increasing AAm/ AA mole ratios. The swelling loss after 4.82 mol ratio of AAm/AA may be due to changing copolymer structure into a single polymer structure (polyacrylamide structure). So far,
−n , several investigators reported this parabolic behavior (Athawale and Vidyagauri 1998; Lee and Yuan 2000) .
Effect of salt solution type
Samples 1 and 5 had more swelling percentage among the examined samples. Previous studies have shown that swelling capacity of "anionic" hydrogels is appreciably affected by ions existing in salt solutions. This undesired phenomenon is due to non-perfect anion-anion electrostatic repulsion resulted from additional cations in the solution. This is well known as "charge screening effect" (Flory 1953; Kwon et al. 1991; Mirdarikvande et al. 2014) . In this step, the effect of all existing cations on the swelling percentage of all the samples was examined. As all the examined salt types have chloride ion as anionic species, it can thus conclude that the observed differences in swelling percentage can be attributed to the type of cations (Ca 2+ , Mg 2+ , Ba 2+ , Sr 2+ , Na + , K + , and Li + ). Figure 7a , b represents the results of swelling percentage of samples 1 and 5 in all salt solutions. As can be seen, the ability of water absorbency for hydrogels in salt solutions with divalent cations such as MgCl 2 ·6H 2 O, CaCl 2 ·2H 2 O, and BaCl 2 ·2H 2 O was more than that for monovalent cations such as KCl, LiCl, and NaCl. Three mobile ions can be formed from each mole of divalent salt; therefore, there are more mobile ions in divalent salt solutions than monovalent salt solutions. Thereupon, due to "charge screening effect," the osmotic pressure and the amount of absorbed water increased in salt solutions with divalent cations. 
Equilibrium swelling ratio
Equilibrium swelling ratio is a key factor for oil and gas producers because they would be able to predict how much swelled PPGs should be injected into a reservoir to control unwanted water. The equilibrium swelling ratio in all salt solutions with divalent cations was greater than that with monovalent cations. The equilibrium swelling percentage of all dried PPG samples in all of the salt solutions was obtained based on Eq. (2) and are given in Table 2 . It is evident from the results that the maximum equilibrium swelling ratio was found to be 13 for sample 5 swelled in BaCl 2 ·2H 2 O salt solution.
pH-sensitivity
In this step, three samples 1, 2, and 3 (as an example) and salt solutions having more ability to swell hydrogels (i.e. BaCl 2 ·2H 2 O, CaCl 2 ·2H 2 O, and MgCl 2 ·6H 2 O) were examined. Experiments were conducted from two other points of view, swelling percentage variations of samples and pH variations of salt solutions versus time. Figure 8 shows that PPG samples more swelled over time in the BaCl 2 ·2H 2 O salt solution in both alkaline and acidic mediums. The trend of two types of the mentioned saline solutions was similar to the BaCl 2 ·2H 2 O salt solution ( Fig. S4 (a and b) , supplementary information). In acidic medium, most of the amide functional groups protonate and the main cation-cation repulsive forces between them increased and consequently swelling capacity of samples appreciably increased. At higher values of pH (6-8), some of the carboxylate groups ionized and the repulsion forces between COO − groups cause an enhancement of the swelling capacity. In these experiments, since the samples were first swollen in alkaline medium and then put in the acidic medium, the curves of swelling percentage (S%) of samples which swelled in the acidic medium were higher than those in alkaline medium. Figure 9 shows the pH changes versus time in the BaCl 2 ·2H 2 O salt solution. As can be seen, pH of all alkaline and acidic mediums was close to pH 4. pH changes in other mentioned salt solutions were similar to those in the BaCl 2 ·2H 2 O salt solution ( Fig. S5 (a and b) , supplementary information). In acidic medium, H + ions are replaced with monovalent cations existing in the polymer chamber. On the other hand, amide functional groups form hydrogen bonds with water. Therefore, the pH of the acidic medium increased over time. In alkaline medium, OH − ions and pH of solutions decreased over time. It was due to increasing hydrogen bonding between carboxylate functional groups with water and, therefore, increasing ionic strength in salt water in accordance with the Debye-Huckel equation (Kwon et al. 1991; Zhong et al. 2016) . 
Conclusions
In summary, an efficient series of PPGs was produced by a free radical copolymerization method to control unwanted water in mature oil fields. Various samples with different mole percentage of MBA and mole ratio of AAm/AA showed different structures with distinct pores that had an effect on their water absorption. Their gelation time, drying and swelling behaviors (in various salt solutions with different pH values) were examined. Results showed that increasing the MBA mole percentage decreased gelation time, unlike increasing AAm/ AA mole ratio, swelling percentage of samples increased by the reduction in MBA mole percentage, the ability of water absorbency first increased with increasing AAm/AA mole ratio and then decreased, and salt solutions with divalent cations such as BaCl 2 ·2H 2 O, CaCl 2 ·2H 2 O, and MgCl 2 ·6H 2 O swelled hydrogels more than those with monovalent cations such as KCl, LiCl, and NaCl. Altogether, findings indicate that synthesized samples had well swelling percentage in high-salinity water (200,000 ppm) in both alkaline and acidic mediums and can be used for water conformance in mature oil fields (e.g., the sample 5 swelled in BaCl 2 ·2H 2 O salt solution (20 mL, 200,000 ppm) had the equilibrium swelling percentage of 1300%). At last, the optimum conditions for maximum swelling percentage were found to be 4 mol% of MBA, mole ratio of 4.82 for AAm/AA, and 0.05 g/mL of KPS.
